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Vitamin D is increasingly being recognized as important for brain health, apart from its importance in endocrine and bone health.\[[@ref1]\] Evidence is emerging implicating its role in brain development and function.\[[@ref1]\] It affects early brain development by acting as a potent differentiating factor for brain cells by increasing neurite outgrowth, regulation of neurotrophic factors and reactive oxygen species, and downregulating calcium channels.\[[@ref1]\] Growing data illustrate the association between Vitamin D deficiency and adult psychiatric disorders.\[[@ref2]\] Western literature reports that about 1%--78% of the general population have Vitamin D insufficiency.\[[@ref3]\] Lower Vitamin D level compared to controls was reported in a systematic review and meta-analysis in adults with depression\[[@ref4]\] and schizophrenia.\[[@ref5]\] A study reporting the lowest Vitamin D levels in patients with schizophrenia, and autism proposed that during the developmental period low Vitamin D predisposes to psychiatric illness and affects the mental health of adulthood.\[[@ref6]\]

Literature showing the evidence of low Vitamin D in children and adolescents is also emerging. Vitamin D levels in 3 months--12 years old, apparently healthy children with minor ailments attending a private pediatric hospital in India reported that 40.24% had insufficient level, 25.44% had deficiency, and 34.32% had sufficient level, respectively.\[[@ref7]\] The only study evaluating Vitamin D deficiency in children with psychiatric illness reports that 21% and 64% of the study cohort had deficiency and insufficiency, respectively.\[[@ref8]\] A systematic review and meta-analysis report significantly lower Vitamin D level in children with autistic spectrum disorder (ASD), a neurodevelopmental disorder, compared to controls, suggesting that Vitamin D deficiency may be a risk factor for the development of ASD.\[[@ref9]\] About 72% of adolescent-onset psychotic illness had low Vitamin D levels (mean Vitamin D -- 20.4 ng/ml) in a cross-sectional study.\[[@ref10]\]

Literature also suggests that the risk of developing certain psychiatric disorders may be reduced by the prevention of Vitamin D deficiency in early life or the treatment outcome may be improved by Vitamin D supplementation.\[[@ref11]\] The risk of schizophrenia, later in life, among males, was reduced the following Vitamin D supplementation in early infancy in a Finnish cohort\[[@ref12]\] and the core symptoms of autism improved after Vitamin D supplementation.\[[@ref13]\] Another trial of 3 months Vitamin D supplementation in Vitamin D deficient, 106 ASD children reported improvement in scores on a childhood autism rating scale and autism behavior checklist subscales in 80.72% of the study population (2016).\[[@ref14]\] Supplementation may have some role in adolescent-onset psychosis, depression, and attention deficit hyperactivity disorder.\[[@ref10][@ref15]\] Therefore, early identification of Vitamin D deficiency and supplementation assumes importance in clinical practice.

Thus, this study aimed to evaluate the extent of Vitamin D deficiency in children and adolescents with psychiatric disorders and to ascertain any difference in the extent of Vitamin D deficiency across different disorders.

M[ETHODOLOGY]{.smallcaps} {#sec1-2}
=========================

A retrospective chart review was conducted to examine blood levels of Vitamin D \[25(OH)D\] in all children who had attended child and adolescent psychiatric (CAP) clinic from January 1, 2015 to October 31, 2015 of our institute. Case records were retrieved manually and looked for the prescription of Vitamin D level in the case records. All requests for getting Vitamin D level were made by the psychiatrist. A total of 836 children (new cases and follow-up cases) in the age group of 4--15 years had attended the CAP clinic from January 1, 2015 to October 31, 2015. Requisition for Vitamin D level was given to 60 patients, however, no specific reason was mentioned for getting it done, and no physical illness was recorded in the case notes. Among these, Vitamin D level of only 40 patients was available for this chart review. For determining Vitamin D deficiency or insufficiency, the parameters set by the endocrine society were used (\<21--30 ng/ml-insufficiency level and \<20 ng/ml is deficiency of Vitamin D). For patients with multiple diagnoses, Vitamin D level was counted for each diagnostic category to calculate the frequency and mean Vitamin D levels. Vitamin D level was compared across gender and global functioning. The Statistical Package for the Social Science Version 20 (SPSS for Windows, Version 20.0. Chicago, SPSS Inc.).
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=====================

Sociodemographic and clinical profile {#sec2-2}
-------------------------------------

Majority of the study sample were boys (*n* = 28; 70%), with a mean age of around 10 years, and the majority were Hindus (77.5%) from urban background (72.5%). Most of them were ill for 4--5 months and majority (90%) had more than one diagnosis. The sociodemographic details and clinical profile are summarized in [Table 1](#T1){ref-type="table"}.
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Sociodemographic and clinical profile of patients
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[Table 2](#T2){ref-type="table"} summarizes the various diagnostic categories (according to International Statistical Classification of Diseases-10) considered in the study.

###### 

Diagnostic categories included in the study
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Vitamin D levels {#sec2-3}
----------------

The mean Vitamin D level for the sample was 13.34 ± 8.26 ng/ml (i.e. deficiency). Females in the study sample had a lower mean level (13.26 ± 10.7 ng/ml) than that in males (13.38 ± 7.19 ng/ml); however, the difference was not significant. About 80% (*n* = 32) of the study sample had Vitamin D deficiency (\<20 ng/ml) and around 13% had insufficient (21--30 ng/ml) Vitamin D level. Comparison of deficient and insufficient level across the gender revealed that more males (*n* = 24) had deficiency compared to females (*n* = 8), and the difference was statistically significant (*P* = 0.02). However, this result cannot be generalized given the small number of females in the study group. These results are summarized in [Table 3](#T3){ref-type="table"}.
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Vitamin D level in the study sample
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Vitamin D level across diagnostic categories {#sec2-4}
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The mean Vitamin D level across various diagnostic categories was in deficient range as shown in [Table 4a](#T4){ref-type="table"}, with the lowest mean for autism, i.e., 10.9 ± 7.3 ng/ml, followed by intellectual disability 12.18 ± 8.8 ng/ml, and hyperkinetic disorder 13.4 ± 10.4 ng/ml. [Table 4b](#T5){ref-type="table"} depicts the number of participants with deficient and insufficient Vitamin D level in each diagnostic category.
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Vitamin D level across diagnostic categories
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Number of participants with deficient and insufficient Vitamin D across diagnostic categories
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This study found that a high percentage of children and adolescents with psychiatric disorders have Vitamin D deficiency. Only 7.5% of the children had Vitamin D in the normal range. The only study in healthy Indian children reports that \~34.32% of the study population had Vitamin D level in the normal range.\[[@ref7]\] This variability in the findings of the two studies could be due to the fact that while the current study deals with Vitamin D level in children and adolescents with psychiatric disorders, and the study by Angurana *et al*.\[[@ref7]\] deals with Vitamin D level in apparently healthy children (65.68% of whom have low \[deficiency and insufficiency taken together\] Vitamin D level). Not only Indian children but also a substantial population of healthy European children and adolescents are reported to be Vitamin D deficient.\[[@ref16]\] It may be speculated that the chances of having normal Vitamin D level decrease when a child develops psychiatric illness, or, in other words, may be, low Vitamin D level adversely affects the brain development, playing a role in the development of psychiatric illness.\[[@ref17][@ref18]\] Moreover, the findings of 15% of children and adolescents having normal level in the study by Zhang *et al*.\[[@ref8]\] may be comparable given the geographical differences in the two places where the studies were conducted.

Furthermore, a higher percentage of Vitamin D deficiency (80%) in children and adolescents was found in our study compared to the findings of the West, where 21% had Vitamin D deficiency.\[[@ref8]\] However, taken together, 92.5% of the study population had low Vitamin D comparable to 85% of the study population in the West.\[[@ref8]\] This could be because Indians have reduced the ability for cutaneous Vitamin D synthesis owing to possible differences in Vitamin D binding and degradation; and single nucleotide polymorphisms located in or near genes involved in synthesis, transport, activation, or degradation of Vitamin D may influence serum Vitamin D concentrations.\[[@ref18]\] Thus, some authors suggest a higher dose of Vitamin D supplementation in Indian children, more so for extraskeletal benefits.\[[@ref18]\]

Although Vitamin D deficiency was prevalent across all diagnostic categories, lower mean Vitamin D level was found for neurodevelopmental disorders (intellectual disability, pervasive developmental disorder, and disturbance of activity and attention). The lowest mean Vitamin D level in the current study was found for pervasive developmental disorders (10.9 ± 7.3 ng/ml), followed by intellectual disability (12.18 ± 8.8 ng/ml). A similar finding is present in the literature reporting the lowest mean Vitamin D level for ASD.\[[@ref6][@ref9][@ref10]\] It may be presumed that more is the severity of Vitamin D deficiency, more is the chance that it affects brain development severely, thereby possibly having an important role in neurodevelopmental disorders. Although this has not been appropriately tested statistically in this paper, a similar inference was drawn from the studies reported in a review by Föcker *et al*. where an inverse relationship is documented between Vitamin D levels and the severity of psychiatric disorders in children and adolescents.\[[@ref17]\] No study has specifically looked into Vitamin D level in intellectual disability, to the best of our knowledge. The findings from Vitamin D supplementation trials in children and adolescents suggest a role of Vitamin D in the pathogenesis of mental disorders in childhood and adolescence demonstrating that it may have preventive and therapeutic role including that in ASD.\[[@ref14][@ref18]\] This study did not look into the role of Vitamin D supplementation.

No gender differences were found in the mean Vitamin D level, although more males had Vitamin D deficiency compared to females and this difference was statistically significant. However, a small number of females in the present study should be kept in mind while interpreting the results. Another interesting finding which emerges is that the neurodevelopmental disorders which are more common in males had lower mean Vitamin D level and more males had Vitamin D deficiency in this study. It may be because, in our study, majority of children had neurodevelopmental disorders. Nonetheless, it may be important for both pediatricians and psychiatrists catering to children with neurodevelopmental disorders to look for Vitamin D deficiency.

The important limitations of the study are as follows: small sample size, retrospective design, absence of control group, lack of detailed information about the comorbid physical illness, reason for requesting Vitamin D level, details about sun exposure, skin color, dietary habits, and nutritional status were not available in case records.

C[ONCLUSION]{.smallcaps} {#sec1-5}
========================

The cause-effect relationship between low serum Vitamin D level and children with psychiatric disorders cannot be derived, based on the retrospective study design; however, it provides important initial data from India. Given the finding that only 7.5% of children had normal Vitamin D level, clinicians should have a higher suspicion of low Vitamin D in children, and adolescents with psychiatric disorders. However, in future, large prospective study designs with more controlled variables will allow more precise analysis to determine the prevalence of low Vitamin D, as well as to derive conclusions about the association between low Vitamin D and childhood psychiatric disorders.
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